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@ Method of magnetic separation of cells and the like, and microspheres for use therein. 

Magnetically-responsive microspheres having Protein A 
Sociated with the outer surfaces thereof are reacted with 
antibodies selective to the cells, bacteria or viruses to be 
separated from a mixed population* attach the antibodies n 
oriented relation with their Fab arms extending outwardly 
and the microspheres are then used in a magnetic separation 
procedure. The preferred microspheres are P re P a ^^ om h a R 
mixture of albumin, Protein A, and magnetic particles, the 
microspheres being prepared so that the Protein A ts present 
in the exterior surfaces for antibody binding. 
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METHOD OF MAGNETIC SEPARATION OF' CELLS AND THE 
LIKE, AND. MICROSPHERES FOB USE THEREIN 

9 

- This invention relates to the fractionation of 

•heterogeneous populations of cells or the like to isolate 

a relatively homogeneous sub-population of a specific cell 

tvoe. More specifically, the improvement of this invention 

relates to magnetic sorting of cells, bacteria, or viruses. 
» 

A general procedure for magnetic sorting of cells, 
bacteria, and viruses is disclosed in United States patent 
3,970,518, issued July 20, 1976. In that procedure, uncoated 
particles of a magnetic material, such as iron oxide, are 
contacted with a high concentration liquid dispersion of the 
selective antibody, and after sufficient antibody has adhered 
to the magnetic particles, the coated particles are contacted 
with the mixed population to be fractionated, the select cell 
or the like binding to - the magnetic particles, and the bound 
cells are then separated magnetically from the remainder of 
the population. As a further step, the select cells may be 
separated from the magnetic material, by the use of a cleaving 
agent solution and magnetic removal of the magnetic particles. 

While there are literature reports describing the use 
of magnetic microspheres in cell sorting, there is no literature 

m 

verification that unco a ted magnetic particles can be made to 
effectively bind with antibodies. In the published procedures, 
the particles of magnetic material are contained in microspheres 
formed from polymers, which can be chemically coupled to anti- 
bodies. See, for example: Molday et al, Nature , 268, 437 
(1977): Kronick et al, Science , 200 , 1074 (1978); and Antoine 
et al, inraunochemistry , IS, 443 (1978). These references 

■ [ $ 
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describe magnetically-responsive microspheres formed from 
acrylate polymers , such as hydroxy ethyl methacrylate, or 
polyacrylamide- agarose microspheres. Such microspheres can 
.be chemically coupled to antibodies with glutaraldehyde or 
other di-aldehyde-. As described by the cited Molday (1977) 
and Xomick references, one procedure involves the chemical 
attachment of di e mi n oheptane spacer groups to the microsoheres, 
which are then chemically linked to the antibodies by 

■ 

glutaraldehyde reaction. Although effective bonding of' the 
antibodies can be obtained, such procedures are difficult "since 
aggregation of microspheres can readily occur and the prepara- 
tive procedure is time consuming. For example, the reaction 
to attach spacer groups may require from five to twelve hours 
of chemical reaction time, and subsequent dialysis to remove 
the excess reagent. The coupling of the antibodies may then 
require another twelve to twenty- four hours followed by dialysis * 

V 

to remove excess coupling agent. Further, such antibody reagents 
may not be used efficiently, since an excess of the antibodies 
will usually need to be present during the chemical coupling. 

Another disadvantage of .magnetic particle or microsphere 
separation methods as described in the art is that the anti- 
bodies are attached to the microspheres in a random manner. 
Antigen-binding occurs through the Fab regions of the antibodies 
which are in the outer portions of the arms. With random 
attachment of the antibodies, one or both of the Fab arms may 
be unavailable for antigen-binding. Thus, an excess of antibody 
must be used to assure that the coated microspheres effectively 
bind to the antigens associated with the cells or other bodies 
being sorted. 
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The present invention utilizes staphylococcal Protein A 

■ • 

to overcome the limitations of prior art magnetic sort^nc o- c - 
cedures, as described above. It is known that staphylococcal 
Protein A selectively binds to antibodies through the .Fc region 
of the antibodies, which is located in the tail portions of the 

m 

antibodies remote from the Pab arms. See Forsgren et al, 
J. Immunol. , -99, 19 (196.7). Heretofore, however, this property 
of Protein A has not been utilized to form magnetic microspheres. 
Protein A has been coupled to Sepharose beads (cross-linked 
agarose gels) to provide a column material with immunogiohulin- 
b in ding properties. The column may be used for affinity chroma- 
tography, for* example, of the IgG fraction of serum. Such 
chromatographic column materials are commercially available. 

Protein A has also been used in procedures for cell 
separation by density gradient centrifugation. See, for 
example, Ghetie et al, Scand. J. Immunol. , 4^, 471 (1975). i n 
a typical procedure, sheep erythrocytes are coated with Protein' 
A by CrCl 3 coupling, and the coated erythrocytes are then con- 

* 

tacted with mouse lymphocytes which have been previouslv reacted 
with antibodies to prepare the cell surfaces for binding to 
Protein A, thereby resulting in resetting of the lymphocytes 
around the erythrocytes. The resulting rosetted cells are 
recovered by density gradient centrifugation. 

In accordance with the present invention, as distinguishe 
from prior art procedures, magnetically-responsive microspheres 
are prepared having Protein A associated with the surfaces therec 

and the resulting microspheres* are first reacted with the select 

* 

antibodies before the microspheres are used for cell separation. 
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With the microspheres used in the method of this invention the 
antibodies are thereby arranged in oriented attachment on their 
outer surfaces with the Fab arms of the antibodies extending 
outwardly. The effectiveness of the microspheres for antigen 
binding and use in magnetic sorting procedures is thereby 
maximized. This greatly increases the efficiency with which 

the select antibodies may be used- Further, it eliminates the 

need for chenical coupling of the antibodies. 

In a preferred embodiment, the microspheres are prepared 
by mixing Protein A with a polymer matrix material which does 
not mask the antibody-binding sites of the Protein A, The 
resulting microspheres having the Protein* A in the outer 
surfaces thereof do not require chemical coupling of the 
Protein A to preformed microspheres. Albumin appears to be 
a particularly suitable matrix material for preparing such 
microsoheres . When the microspheres are formed from an aqueous 
admixture of albumin, Protein A, and magnetic particles, the 
Protein A is effectively available in the outer surfaces of 
the microsoheres , in effect, forming surface layers on the 
micros-oheres with the Protein A in high concentration. The 
explanation for this result is not fully understood, but 
appears to relate to the wetting agent or surface tension 
properties of" Protein A when dispersed in an aqueous solution 
in admixture with albumin. 

Thus the present invention comprises a method for 
separation of a select population of cells, bacteria, or 
viruses from a mixed population thereof, in which the micro- 
spheres containing magnetic particles are coated with a layer 
of antibodies which selectively bind to the select population. 
The coated microspheres are contacted 
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with the mixed population, and the bound select population is 
magnetically separatee from the rest of the mixed population. 
The method improvement is characterized by modifying the surfaces 
of the micro spheres prior to coating them with antibodies to 

« 

provide staphylococcal Protein A distributed thereover in 
adherent relation to the microspheres. The microspheres are 
then contacted with antibodies which bind the Protein A and 
which also bind selectively to the select population. By this 
means the antibodies are arranged in oriented attachment on 
the surfaces of the microspheres with their Fab arms extending 
outwardly. Thereafter, the rest of the steps of the magnetic 
separation are carried out, as is known in the art. Preferably, 
the microspheres are formed of a polymer matrix material in 
admixture with the magnetic particles and Protein A, such as 
an albumin matrix material in an amount of 100 parts per 5 to 
4 0 parts of Protein A. Alternatively , however, the Protein A 
may be chemically-bonded to the exterior surfaces of the 
microspheres to provide a Protein A coating thereon. 

Where chemical coupling procedures are used, the micro- 
spheres may be formed from any matrix material which can be 

m 

chemically coupled to Protein A, including albumin or other 
amino acid polymer, and synthetic polymers, such as aery late 
polymers. For example, the microspheres may be formed from 
methyl methacrylate, hydroxyethyl methacrylate , methacrylic 
acid, ethylene glycol dimethacryla te , agarose polymers, poly- 
acrylamide polymers, or mixtures of such polymers. Protein A 
may be directly coupled to solid support surfaces containing 
magnetically responsive materials by several procedures. See, 
for example, Molday et al, J. Cell Biolbcy , 64, 75 (1975) 
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Microspheres .can be derive tized with either ami.nocaproic acid 
or ciaminoheptane which provide 'extended functional groups 
*o~ cowling proteins to insolubilized matrixes. Alternatively, 
with solid surfaces already containing functionally available 
grouos (i.e. amino groups on albumin microspheres) a direct 
glu tar aldehyde coupling of Protein A may be accomplished. 

An- alternate preferred procedure is to incorporate the 
Protein A in the microspheres by admixing it with the matrix 
material prior to the formation of the microspheres, and carrying 
out the preparation so that the Protein A is available in the 
outer surfaces of the microspheres. Suitable procedures for 
oreDaring such microspheres will therefore be described/ but 
it should be understood that, the present invention in its broad 
method aspect is 'not limited to the use of such preferred 
microspheres . 

For use in the present invention, the Protein A can be 
prepared from Staphylococcus aureus by procedures described in 
the literature. See, for example, Forsgren et .al, J . Imnur. . , 
97, 822 (1966); and* Kronvall et al, Igmunochemi s try , 2' 124 
(1970) . Staphylococcal Prctein A is also available from commer- • 
cial sources, such as Pharmacia Fine Chemicals, Piscatavay, New 
Jersey, 

The ©referred matrix material for forming the microsphere 
by admixture with Protein A is an amino acid polymer, such as 
albumin. Animal or human albumin may be used, for example, 
human serum albumin. Other water-soluble proteins can be used 

such as hemoglobin, or synthetic amino acid polymers including 

oolv-L- lysine and poiy-L- glutamic acid. 
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When zhe Protein A is p remixed with the matrix polymer, 

» 

and zhe microspheres formed therefrom, sufficient Protein A 
should be included so that zhe outer surfaces of the microspheres 
will bind antibodies through the selective action of the Protein A. 
In general, the microspheres may contain from 2 to 40 parts by 
weight of Protein A per 100 parts of the matrix polymer such 
as albumin. Preferred proportions are from about 10 to 35 parrs 
of the Protein A per 10 0 parts of the matrix polymer. 

■ A sufficient amount of finely-divided particles of a 
magnetic material should also be included so that the micro- 

w 

spheres are magnetically-responsive. For example f the magnetic 
particles may be ferri- or f erro-magnetic compounds, such as 
magnetic iron oxides. Other useable magnetic materials in 
particulate form are disclosed in U.S. patent 3,370/518. A 

* 

preferred magnetic material is magnetite (FejO^). Depending 

on the size of the microspheres, the magnetic particles may 

* 

range in size from 100 to 20,000 Angstroms. The microsoheres 
may contain from 10 to 150 parts by weight of the magnetic 
material per 100 parts of the matrix polymer. The microspheres 
may range in size from 0.2 to 100 microns in diameter. Pre- 
ferably , however, the microspheres have an average size in the 
range from about 0.5 to 2.0 microns. With microspheres in this 
size range, it is preferred that the magnetic particles have 
diameters of not over 300 Angstroms, such as an average size 
of about 100 Angstroms. 

The procedure previously published for preparing albumin 
microspheres can be used. Widder et al, J. Pharm. Sci. , 63 , 
79 (1979) . The preferred procedure is the one described for 

m 

the heat-stabilized microspheres. In general, an aqueous mixture 
is prepared for use in forming the microcapsules, the mixture 
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ccr.tair.ir.g the. album-n or other hydrocoilcid matrix pclymer, 
Protein A, and the magnetic particles..' The solid materials 
are disoersed in water and thoroughly nixed therewith, for 

9 

example, using 20 to 40 pares of total solids per 100 parts 
o r wa 4 - 0 -. Sufficient water should be present to form an aqueous 
cei w^th the matrix hydrocolloid. In general, the amount of 
water may range from 10 to 60 parts per 100 parts of total solids. 
The aqueous mix is then emulsified with an oil, such as a vege- 
table oil/ the emuls if ication. being carried out with vigorous 
agitation, for example, using sonication, to obtain a droplet 
dispersion of the aqueous mix in the Vegetable oil having the 
reauisite droplet size to form the microspheres. Preferably, 

w 

the emuls if ication is carried out' at low temperatures, such as 
temperatures in the range of 20 to 30 c C. After the emulsion 
has been formed, the emulsion is added to a larger body of oil, 
which is preferably the same oil used to form the emulsion. 
In Practice, cottonseed' oil gives good results. To promote 
the separation of the water droplets, the emulsion can be 
added in small increments to the oil bath, such as by cropvise 
addition. Preferably, also, the addition is accompanied by 
rapid stirring of the oil into which the emulsion is being 
introduced. 

Tor purpose of the present invention, the droplets may 
be heat-hardened to stabilize them and thereby provide* the 
microspheres. This can be conveniently accomplished by using 
a heated oil bath, that is, by dispersing the emulsion into 
hot oil/ such as oil at a temperature in the range of 70 to 
160°C. The effect of heat stabilization on albumin microspheres 
is described in United States patent 3,937,666, issued February 1C. 

1976. 

m 

>.fter the hea t- harder, in c , the prepared mi era spheres are 
separa-ec from the oil. This nay be accomplished by centrif ucatic: 
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or filtration, and the microspheres washed with a suitable 

organic solvent, such as diethyl ether, to remove the oil from 

the exterior surfaces of the microspheres. The microspheres 
< 

are then ready for reaction with a specific antibody, such as 
an antibody prepared in rabbits. Such rabbit immunoglobulins 
which bind to Protein A include all subclasses of IgG. However, 
antibodies prepared from other sources can be used, providing they 
also bind to Protein A, Usually, the antibodies will be applied 
to the microspheres in aqueous suspension. The concentration of 
the antibodies may be low, since the Protein A will remove the 
antibodies from the treating solution -even at low concentrations. 
As previously described, the binding is through the ?c region 
of the antibodies, thereby providing for an oriented attachment 

* 

of the antibodies with the antigen-binding Fab amis extending 
outwardly from the outer surfaces of the microspheres . The 
microspheres are then ready for use in magnetic cell separation, 
as previously described in the literature. 

The magnetic sorting method of this invention and the 

i 

preferred microspheres for use therein are further described 
and illustrated in the following specific examples. For 
conciseness of description, the examples use certain abbrevia- 
tions, which have the following meanings: 



SpA: 


Staphylococcal Protein A 


FITC: 


flurocein isothiocyanate 


CRBC: 


chicken red blood cell 


SR5C: 


sheep red blood cell 


RBC: " 


■ 

red blood cell 


FCS: 


fetal calf serum 

V* 


HBSS: 


• 

Hank's balanced saline solution 


EDC: 


carbodiimide : l-cyclohexyl-3- {2- 




mcrphclinyl- (4) -ethyl-carbodiiiri.de 




methotoiuene sulphonate) 



0 
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EXAMPLE I 

Magnetic albumin microspheres containing staphylococcal 
Protein A (SpA) as part of whe matrix vere prepared by an 
emulsion polymerization method. A 0 . 5 ml aqueous suspension cor. 
"taining a total of 190 mg dry material was made consisting of 
66% human serum albumin, 19% Fe 3 0 4 (particles 15-20 run) and 15% 
SpA* To this, 60 ml of cottonseed oil was added and the 
emulsion was homogenized by sonication for one minute. The 
horoogenate was added dropwise to 20 0 ml of constantly stirred 

♦ 

cottonseed oil at 120 to 125°C for 10 minutes.- The suspension 
was washed four wimes in diethyl ether by centrifugation for 
15 minutes at 2000 xg and stored at 4°C until subsequent use. 
A sample ox microspheres were coupled with FITC-conjugated 
rabbit IgG by incubation at 37 °C for 20 minutes, and examined 
for surface fluorescence with a fluorescent microscope. * The 
intensity and apparent uniform distribution of fluorescence 
indicated that SpA was oriented on the microsphere surface 
in a manner that allowed IcG molecules to interact with the 
Fc binding sites on the SpA. 

EXAMPLE II 

Microspheres prepared as described in Example I were 

used to separate CRBC from suspensions containing both CH3C 

5 1 

and SRBC. Alicuots of CRBC and 5KBC were labeled with Cr 
in order to assess extent of separation as well as cell 
integrity. Labeling of CRBC was accomplished by incubating 

Q 

1 x 10 CRBC suspended in 0.2 ml Hanks balanced salt solution 
(BBSS) containing 2.5% heat inactivated fetal caif serum (FCS) 
with 100 ^Ci Na 2 51 Cr0 4 (1 mCi/ml) for 90 minutes at 37°C. 
SRBC were labeled by similar treatment with the exception of 
overnight incubation at 37 °C. Antibody was coupled to the 
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microspheres*"by incubating 0.5mg of the microspheres suspended 

* 

in 0.2 ml of 0.9% NaCl solution containing 0.1% Tween 80 
(saiine-Tween B0) with either 0.5 mg rabbit anti-chicken R3C 
(IgG fraction) or 0.5 mg normal rabbit IgG for 4 5 minutes at 

■ 

"37 °C. Unbound IgG was removed by centrifugation with excess 
saline-Tween 80 at 1500 xg for two minutes at 4°C. Microspheres 
were then resuspended in 0.2 ml saline-Tween 80 by briefly 



sonicating in an ultrasonic waterbath. To this suspension, 
a mixture of 1 x 10° CR3C and 1 x 10 SRBC in 0.2 ml of BBSS 
was added. The cells were then incubated with -the IgG-coated 
microspheres for 30 minutes at 37 °C with mild agitation. Cells 
bearing adherens magnetic microspheres were removed from sus- 

« 

pension by applying a 4000" gauss (gradient - 1500 gauss/cm) bar 

magnet to the- side of each test tube for one minute. Both 

. supernatant and pellet fractions were counted in a Beckman 

51 

Model 8000 gamma counter for Cr. Control labeled cells, 

51 

incubated in saline-Tween 80, were counted for Cr to assess 

> 

spontaneous release . 

■ 

Based on 5l Cr counts, it was found that when 1 >: 10 6 51 Cr 
CR2C in combination with 1 >: 10 6 SRBC were incubated with 0.5 
mg microspheres bearing ar.ti-CRBC antibodies, 97.8% of the labele: 
cells were magnetically removed from suspension. Hemocytometer 

• • • • mm m — 

counts of erythrocytes in the supernatant revealed only 0.26% 
residual CR3C among the remaining SR3C. Using this method of 
cell separation, a population of SRBC which was 97-99% homogeneou 

was generated with 90.5% recovery of the starting SRBC mass. The 

51 ~~ 
non-specific adherence of Cr CRBC was tested while using 

microspheres bearing anti-SRBC and normal rabbit IgG respectively 
and found to be <10%. 
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EXAMPLE III 



Microspheres prepared as described in Example I were 
use( i to fractionate Lewis rat splenocy tes . Based on the 
presence or absence of surface immunoglobulins , it is possible 
to distinguish between thymus-deriyed T lymphocytes and bone- 
marrow derived 3 lymphocytes. Normal non-IgG bearing spleno- 
cytes, considered to be predominantly T lymphocytes, were 
ourified by incubating splenocytes with microspheres containing 

* 

rabbit anti-rat IgG. 

A cellular suspension of spleen cells was obtained by 
ceasing rat spleen on a metal screen in HSSS with 10% heat 
inactivated FCS. The cells were washed three times and over- 
layered on Ficoll-Hypaque (specific gravity 1.072). The gradient 
was then cencrifuged at 1200 xg for 25 minutes at 25°C, to 
eliminate dead cells and red blood cells. The resultant inter- 

■ 

face band was removed and assessed for viability by trypan blue 
dye exclusion. The number of IgG bearing cells was determined 
by incubating the cells at 37 °C with FITC conjugated rabbit 
anit-rat IgG and counting the number of fluoroscent labeled 
cells. Rabbit anti-rat IgG, normal rabbit IgG, and rabbit anti- 

■ 

chicken R3C were coupled to 0.5 rog the S?A microspheres (0.5 mg 
IgG/0.5 mg microspheres). Spenocytes (2 x 10 6 ) suspended in 
H3SS with 2.5% heat inactivated FCS were added to the 0.5 mg 
microspheres. In order to minimize the capping phenomenon and 
maintain viability, reaction mixtures were incubated for 2.5 
hours at 4°C. Cells with adherent microspheres were separated 
magnetically as described in Example II, and resultant super- 
natants were analyzed for total cell count, viability, and fluore 

The results are summarized in Table A. 
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Viability of unf ractionatec ceils after centrifugaticn 
in Ficoll-Hypecue was 96%. Supernatant cell viability after 
magnetic separation was 9 3%, demonstrating a minimal loss 
of viability. Between 4 7 to 51% of unf ractionated splenocytes 
were IgG-bearing cells as determined by fluorescence micro- 
scopy. However, after magnetic separation of splenocytes 
in the experimental group, only 0.5% of the supernatant cells 
had detectable IgG on their surface, showing a highly enriched 
population of non-IgG-bearing lymphocytes. 

Antibody specificity was verified by demonstrating 
negligible depletion of IgG-bearing cells following incubation 
of splenocytes with microspheres containing either normal rabbit 
IgG or anti-CRBC. Rat thymocytes, normally containing 4 to 6% 
IgG bearing lymphocytes, were totally depleted of. these cells 
after incubation" with microspheres coupled with anti-rat IgG. 

The sensitivity of the system was tested by serial 

dilutions of microspheres bearing rabbit anti-chicken RBC with 

6 51 

the addition of 1 x 10 wx Cr CRBC at each dilution,. Incubation 
of microspheres and cells was carried out for 30 minutes at 
37°C. Cells with adherent microspheres ware magnetically removed 
and both pellet and supernatant fractions counted for 5 *Cr. ' 

■ 

Percent CR5C bound to the microspheres was linearly related to 
the amount of .microspheres present until microsphere saturation 
occurred. No less than 99% binding of 1 x 10 6 CRSC was observed 
when J>104 ^.g of microspheres were used. 
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j'ootnotes to Tabl e A 

(1) 2 x 10 6 cells/0.2 ml HBSS + 2.5% PCS, incubated with 
0.-5 mg microspheres bearing antibody as indicated. The 
reaction mixture was incubated for 2.5 hours at 4»c. 

(2) The percent of IgG-bearing cells not removed by magnetic 

microspheres was determined by incubating supernatant 

cells with 0.1 ml riTC conjugated rabbit anti-rat IgG 

for 20 minutes at 37°C. The amount of contaminant loc- 

bearing ceils was determined by fluorescence microscopy. 

In addition, 95.3% of the expected non-lgG-bearinc 

splenocytes was found in the supernatant as determined 

by triplicate counts in a hemocytoraeter of non- fluorescent 
cells. 

(2) Between 4 4 to 51%' starting splenocytes are IgG-bearing 
cells as determined by fluorescence microscopy, and 4 to 
6% of rat thymocytes are IgG-bearing cel-ls as determined 
by the same method. 

EXAMPLE IV 

Magnetic albumin microspheres were prepared as describee 

■ 

in Example I, except that Protein A was omitted. The amount of 

albumin was correspondingly increased" so that the dry material 

used to form the microspheres was 81% albumin and 19% p e b 

3 4 * 

Protein A can be applied to the microspheres thus formed as 
described in Example V. 



EXAMPLE V 



5mg/ml Protein A in HBSS is prepared as a starting 
solution. For the one step aqueous carbodiimide couplin.. 10 ac 
of EDC is added to 20 mg of either an acrylete polymer »icro*pn«r 



-16- 



matrix prede'rivatized with£ aminocaproic acid, or 20 mg of 
albumin microspheres suspended in 10 mis of the starting 
Protein A solution and allowed to react for 4 hrs at 4°C 
with vigorous stirring. The coupling reaction is then 
terminated by addition of 0.4" ml of 0.2 M glycine solution pK 
7.S. Unbound Protein A and unreacted' EDC is removed by washing 
4X in HBSS. The Protein A coated microspheres are then 
coupled to appropriate antisera by incubation of 2 mg of 
microspheres with 1 ml of antiserum at 37 6 C for 10 mins with 
slight agitation. The alternative coupling agent is 
clutaralcehyde 1.25% solution which is added to 10 mis of HBSS 
solution (pH 7.4) containing 50 mg Protein A and 20 mg of either 
albumin microspheres or 20 mg of diaminoheptane derivatized 
acrylate microspheres, allowed to react for 2 hrs at 37 °C with 
slight agitation. Unreacted Protein A and excess glutaraldehyde 
is removed by centrifugation washing 4 X with HBSS. Antibody 
is attached to microspheres as described above in prior examples. 
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♦ 

CLAIMS 

1. A method for the separation of a select population 
•of cells ,• bacteria , or viruses from a mixed population thereof, 
in which microspheres containing magnetic particles are coated 
with a layer of antibodies which selectively bind to the select 

■ 

population, the coated microspheres are contacted with said 
mixed population so that said microspheres are bound to the 
select population, and said bound select population is magneti- 
cally separated from the rest of said mixed population, wherein 
the improvement comprises: prior to coating said microspheres 
with antibodi.es modifying the surfaces of said microspheres to 
provide staphylococcal Protein A distributed thereover in 
adherent relation to said microspheres, then contacting said ■ 
microspheres with antibodies which bind to Protein A and which 
also bind selectively to said select population, whereby said 
antibodies are arranged in oriented attachment on the surfaces 
said microspheres with their Fab arms extending outwardly, and 
thereafter carrying out the rest of the steps of said method. 

2. The method of claim 1 in which said microspheres 

ere formed of a polymer matrix material in admixture with said 

■ 

magnetic particles and said Protein A. 

* 

3. The method of claim 2 in which said matrix material 
is albumin and said microspheres contain from 2 to 4 0 parts by 
weight of Protein A per 100 parts of albumin. 

4. The method of claim 1 in which said Protein A is 
chemically-bonded to the exterior surfaces of said microspheres. 
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■ 

5. Microspheres for magnetically sorting of cells, 

w 

bacteria, or viruses, comprising microspheres formed from 
an amino acid polymer matrix material in admixture with 
staphylococcal Protein A, and being of a size from 0.2 to 
100 microns diameter, said microspheres containing from 2 to 
40 parts by weight of said Protein A per 100 parts of said 
amino acid polymer and said Protein A being present in the 
exterior surfaces of said microspheres for antibody binding, 
said microspheres also containing magnetic particles of a size 
from 100 to 20,000 Angstroms and in an amount sufficient to 
make said microspheres magnetically-responsive. 

* 

6. The microspheres of claim 5 in which said amino 

» 

acid polymer is albumin, 

7. The -microspheres of claim 5 or claim 6 in which 
said Protein A is present in an amount of from 10 to 20 parts 
bv weight per 100 parts of said amino acid polymer. 

8. Microspheres for magnetically sorting of ceils, 
bacteria, or viruses, comprising microspheres formed from 

an aqueous mixture of albumin, staphylococcal Protein A, and 
magnetic particles, said microspheres • having an average 
diameter of from 0.5 to 2.0 microns, and containing from 
2 to 40 parts of said Protein A per 100 parts of said albumin 
and said Protein A being present in the exterior surfaces of 
said microspheres for antibody binding, said magnetic particles 
being of a size not over 300 Angstroms and being present in an 
amount sufficient to make said microspheres magnetically- 
responsive. 
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9. Thp. microspheres of claim 6 in which said magnetic 
particle> are Fe 3 0 4 and are present in an amount of from 10 to 
150 parts by weight per 100 parts of said albumin. 

10. The microspheres of claim 8 or claim 9 in which 
said Protein A is present in an amount of from 10 to 35 parts 
by weight per 100 parts of said albumin. 

.11. A method according to. claim 1 .in which micro- 
spheres^ defined in' any of claims's to 10, are employed. 
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Method of magnetic separation of cells and the like, and microspheres for use therein 



This invention relates to the fractionation of 
heterogeneous populations of cells or the like to $ 
isolate a relatively homogeneous sub- 
population of a specific ceil type. More 
specifically, the improvement of this invention 
relates to magnetic sorting of cells, bacteria, or 
viruses. w 

A general procedure for magnetic sorting of 
cells, bacteria, and viruses is disclosed in 
US — A — 3,970,518. In that procedure, uncoated 
particles of a magnetic material, such as iron 
oxide, are contacted with a high concentration 75 
liquid dispersion of the selective antibody, and 
after sufficient antibody has adhered to the 
magnetic particles, the coated particles are 
contacted with the mixed population to be 
fractionated, the select cell or the like binding to 20 
the magnetic particles, and the bound cells are 
then separated magnetically from the remainder 
of the population. As a further step, the select 
cells may be separated from the magnetic 
material, by the use of a cleaving agent solution 25 
and magnetic removal of the magnetic particles. 

While there are literature reports describing 
the use of magnetic microspheres in cell sorting, 
there is no literature verification that uncoated 
magnetic particles can be made to effectively 30 
bind with antibodies. In the published pro- 
cedures, the panicles of magnetic material are 
contained in microspheres formed from 
polymers, which can be chemically coupled to 
antibodies. See, for example: Molday et ai, 35 
Nature, 268, 437 (1977); Kronlck et al, 
Science, 200, 1074 (1978); and Antoine et al. 
Immunochemistry, 15, 443 (1978). These 
references describe magnetically-responsive 
microspheres formed from acrylate polymers, 40 
such as hydroxyethyl methacrylate, or poly- 
acrylamlde-agarose microspheres. Such micro- 
spheres can be chemically coupled to anti- 
bodies with glutaraldehyde or other di- 
aldehyde. As described by the cited Molday 45 
(1977) and Kornick references, one procedure 
involves the chemical attachment of diamino- 
heptane spacer groups to the microspheres, 
which are then chemically linked to the anti- 
bodies by glutaraldehyde reaction. Although 50 
effective bonding of the antibodies can be 
-obtained, such procedures are difficult since 
aggregation of microspheres can readily occur 
and the preparative procedure is time 
consuming. For example, the reaction to attach 55 
spacer groups may require from five to twelve 
hours of chemical reaction time, and sub- 
sequent dialysis to remove the excess reagent. 
The coupling of the antibodies may then require 
another twelve to twenty-four hours followed by eo 
dialysis to remove excess coupling agent. 
Further, such antibody reagents may not be 
used efficiently, since an excess of the anti- 
bodies will usually need to be present during the 
chemical coupling. 65 



Another disadvantage of magnetic particle or 
microsphere separation methods as described 
in the art is that the antibodies are attached to 
the microspheres in a random manner. Antigen- 
binding occurs through the Fab regions of the 
antibodies which are in the outer portions of the 
arms. With: random attachment of the anti- 
bodies, one or both of the Fab arms may be 
unavailable for antigen-binding. Thus, an excess 
of antibody must be used to assure that the 
coated microspheres effectively bind to the 
antigens associated with the cells or other 
bodies being sorted. 

The present invention utilizes staphylococcal 
Protein A to overcome the limitations of prior 
art magnetic sorting procedures, as described 
above. It is known that staphylococcal Protein A 
selectively binds to antibodies through the Fc 
region of the antibodies, which is located in the 
tail portions of the antibodies remote from the 
Fab arms. See Forsgren et al, J. Immunol,, 99, 
19(1967). Heretofore, however, this property of 
Protein A has not been utilized to form magnetic 
microspheres. Protein A has been coupled to 
Sepharose beads (cross-linked agarose gels) to 
provide a column material with immuno- 
globulin-binding properties. The column may be 

used for- affinity chromatography, for example, 
of the IgG fraction of serum. Such chromato- 
graphic column materials are commercially 
available. 

Protein A has also been used in procedures 
for cell separation by density gradient centri- 
fugation. See, for example, Ghetie et al, Scand. 
J. Immunol., 4, 471 (1975). In a typical pro- 
cedure, sheep erythrocytes are coated with 
Protein A by CrCI 3 , coupling, and the coated 
erythrocytes are then contacted with mouse 
lymphocytes which have been previously 
reacted with antibodies to prepare the cell 
surfaces for binding to Protein A, thereby 
resulting in resetting of the lymphocytes around 
the erythrocytes. The resulting resetted cells are 
recovered by density gradient centrifugation. 

In accordance with the present invention, as 
distinguished from prior art procedures, 
magnetically-responsive . microspheres are 
prepared having Protein A associated with the 
surfaces thereof, and the resulting micro- 
spheres are first reacted with the select anti- 
bodies before the microspheres are used for cell 
separation. With the microspheres used in the 
method of this invention the antibodies are 
thereby arranged in oriented attachment on 
their outer surfaces with the Fab arms of the 
antibodies extending outwardly. The effective- 
ness of the microspheres for antigen binding 
and use in magnetic sorting procedures is 
thereby maximized. This greatly increases the 
efficiency with which the select antibodies may 
be used. Further,' it eliminates the need for 
chemical coupling pf the antibodies. 
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In a preferred embodiment the micro- 
spheres are prepared by mixing Protein A with a 
polymer matrix material which does not mask 
the antibody-binding sites of the Protein A. The 
resulting microspheres having the Protein A in s 
the outer surfaces thereof do not require 
chemical coupling of the Protein A to preformed 
microspheres. Albumin appears to be a 
particularly suitable matrix material for 
preparing such microspheres. When the micro- w 
spheres are formed from an aqueous admixture 
of albumin, Protein A, and magnetic particles, 
the Protein A is effectively available in the outer 
surfaces of the microspheres, in effect, forming 
surface layers on the microspheres with the 15 
Protein A in high concentration. The explana- 
tion for this result is not fully understood, but 
appears to relate to the wetting agent or surface 
tension properties of Protein A when dispersed 
in an aqueous solution in admixture with 20 
albumin. 

Thus the present invention comprises a 
method for separation of a select population of 
ceils, bacteria, or viruses from a mixed 
population thereof, in which the microspheres 26 
containing magnetic particles are coated with a 
layer of antibodies which selectively bind to the 
select population. The coated microspheres are 
contacted with the mixed population, and the 
bound select population is magnetically 30 
separated from the rest of the mixed population. 
The method improvement is characterized by 
modifying the surfaces of the microspheres prior 
to coating them with antibodies to provide 
staphylococcal Protein A distributed thereover 35 
In adherent relation to the microspheres. The 
microspheres are then contacted with anti- 
bodies which bind the Protein A and which also 
bind selectively to the select population. By this 
means the antibodies are arranged in oriented 40 
attachment on the surfaces of the micro- 
spheres with their Fab arms extending out- 
wardly. Thereafter, the rest of the steps of the 
magnetic separation are carried out, as is 
known in the art. Preferably, the microspheres 45 
are formed of a polymer matrix material in 
admixture with the magnetic particles and 
Protein A, such as an albumin matrix material in 
an amount of 100 parts per 5 to 40 parts of 
Protein A. Alternatively, however, the Protein A so 
may be chemically-bonded to the exterior 
surfaces of the microspheres to provide a 
Protein A coating thereon. 

Where chemical coupling procedures are 
used, the microspheres may be formed from any 55 
matrix material which can be chemically 
coupled to Protein A, including albumin or other 
amino acid polymer, and synthetic polymers, 
such as acrylate polymers. For example, the 
microspheres may be formed from methyl eo 
methacrylate, hydroxyethyl methacrylate, 
methacrylic acid, ethylene glycol dimeth- 
acrylate, agarose polymers, polyacrylsmide 
polymers, or mixtures of such polymers. Protein 
A may be directly coupled to solid support 65 
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surfaces containing magnetically responsive 
materials by several procedures. See, for 
example, Molday et al, J. Cell Biology, 64, 75 
(1975) Microspheres can be derivatized with 
either aminocaproic acid or diaminoheptane 
which provide extend functional groups for 
coupling proteins to insolubilized matrixes. 
Alternatively, with solid surfaces already 
containing functionally available groups (i.e. 
amino groups on albumin microspheres) a direct 
glutaraldehyde coupling of Protein A may be 
accomplished. 

An alternate preferred procedure is to incor- 
porate the Protein A in the microspheres by 
admixing it with the matrix material prior to the 
formation of the microspheres, and carrying out 
the preparation so that the Protein A is available 
in the outer surfaces of the microspheres. 
Suitable procedures for preparing such micro- 
spheres will therefore be described, but it 
should be understood that the present invention 
in its broad method aspect is not limited to the 
use of such preferred microspheres. 

For use in the present invention, the Protein 
A can be prepared from Staphylococcus aureus 
by procedures described in the literature. See, 
for example, Forsgren et al, J. Immun., 97, 822 
(1966); and Konvall et al, Immunochemistry, 7, 
124 (1970). Staphylococcal Protein A is also 
available from commercial sources, such as 
Pharmacia Fine Chemicals, Piscataway, New 
Jersey. 

The preferred matrix material for forming the 
microspheres by admixture with Protein A is an 
amino acid polymer, such as albumin. Animal or 
human albumin may be used, for example, 
human serum albumin. Other water-soluble 
proteins can be used such as hemoglobin, or 
synthetic amino acid polymers including poly-L- 
lysine and poly-L-glutamlc acid. 

When the Protein A is premixed with the 
matrix polymer and the microspheres formed 
therefrom, sufficient Protein A should be 
included so that the outer surfaces of the micro- 
spheres will bind antibodies through the 
selective action of the Protein A. In general, the 
microspheres may contain from 2 to 40 parts by 
weight of Protein A per 100 parts of the matrix 
polymer such as albumin. Preferred proportions 
are from about 10 to 35 parts of the Protein A 
per 100 parts of the matrix polymer. 

A sufficient amount of finely-divided particles 
of a magnetic material should also be included 
so that the microspheres are magnetically- 
responsive. For example, the magnetic particles 
may be ferri- or ferro-magnetic compounds, 
such as magnetic iron oxides. Other useable 
magnetic materials in particulate form are 
disclosed in U.S.— A— 3,970,518. A preferred 
magnetic material is magnetite (Fe 3 0 4 ). 
Depending on the size of the microspheres, the 
magnetic particles may range in size from 10 to 
2000 nm. The microspheres may contain from 
10 to 150 parts by weight of the magnetic 
material per 100 parts of the matrix polymer. 
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The microspheres may range in size from 0.2 to 
100 /im in diameter. Preferably, however, the 
microspheres have an average size in the range 
from about 0.5 to 2.0 /urn. With microspheres in 
this size range, it is preferred that the magnetic 5 
particles have diameters of not over 30 nm, 
such as an average size of about 10 nm. 

The procedure previously published for 
preparing albumin microspheres can be used. 
Widder et al, J. Pharm. ScL, 68, 79 ( 1 979). The w 
preferred procedure is the one described for the 
heat-stabilized microspheres. In general, an 
aqueous mixture is prepared for use in forming 
the microcapsules, the mixture containing the 
albumin or other hydrocolloid matrix polymer, is 
Protein A, and the magnetio particles. The solid 
materials are dispersed in water and thoroughly 
mixed therewith, for example, using 20 to 40 
parts of total solids per 100 parts of water. 
Sufficient water should be present to form an 20 
aqueous gel with the matrix hydrocolloid. In 
general, the amount of water may range from 

1 0 to 60 parts per 100 parts of total solids. The 
. aqueous mix is then emulsified with an oil, such 

as a vegetable oil, the emulsification being 25 
carried out with vigorous agitation, for example, 
using sonication, to obtain a droplet dispersion 
of the aqueous mix in the vegetable oil having 
the requisite droplet size to form the micro- 
spheres. Preferably, the emulsification is carried 30 
out at low temperatures, such as temperatures 
in the range of 20 to 30°C. After the emulsion 
has been formed, the emulsion is added to a . 
larger body of oil, which is preferably the same 

011 used to form the emulsion. In practice, 35 
cottonseed oil gives good results. To promote 

the separation of the water droplets, the 
emulsion can be added In small increments to 
the oil bath, such as by dropwise addition. 
Preferably, also, the addition is accompanied by 40 
rapid stirring of the oil into which the emulsion 
is being introduced. 

For purpose of the present invention, the 
droplets may be heat-hardened to stabilize 
them and thereby provide the microspheres. 45 
This can be conveniently accomplished by using 
a heated oil bath, that Is, by dispersing the 
emulsion into hot oil, such as oil at a 
temperature In the range of 70 to 160°C. The 
effect of heat stabilization on albumin micro- so 
spheres is described in US— A— 3,937,668. 

After the heat-hardening, the prepared 
microspheres are separated from the oil. This 
may be accomplished by centrifugation or 
filtration, and the microspheres washed with a 55 
suitable organic solvent, such as diethyl ether, 
to remove the oil from the exterior surfaces of 
the microspheres. The microspheres are then 
ready for reaction with a specific antibody, such 
as an antibody prepared in rabbits. Such rabbit 60 
immunoglobulins which bind to Protein A 
Include all subclasses of IgG. However, anti- 
bodies prepared from other sources can be 
used, providing they also bind to Protein A. 
Usually, the antibodies will be applied to the 66 
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microspheres in aqueous suspension. The 
concentration of the antibodies may be low, 
since the Protein A will remove the antibodies 
from the treating solution even at low concen- 
trations. As previously described, the binding is 
through the Fc region of the antibodies, thereby 
providing for an oriented attachment of the anti- 
bodies with the antigen-binding Fab arms 
extending outwardly from the outer surfaces of 
the microspheres. The microspheres are then 
ready for use in magnetic cell separation, as 
previously described in the literature. 

The magnetic sorting method of this 
invention and the preferred microspheres for 
use therein are further described and illustrated 
in the following specific examples. For concise- 
ness of description, the examples use certain 
abbreviations, which have the following 
meanings: 

SpA: Staphylococcal Protein A 

FITC: flurocein isothiocyanate 

CRBC; chicken red blood cell 

SRBC: sheep red blood ceil 

RBC: red blood cell 

FCS: fetal calf serum 

HBSS: Hank's balanced saline solution 

EDC: carbodiimide: 1 -cyclohexyl-3-(2-mor- 

pholinyl-(4)-ethyl~carbodiimide 

methotoluene sulphonate) 

♦ 

Example I 

Magnetic albumin microspheres containing 
staphylococcal Protein A (SpA) as part of the 
matrix were prepared by an emulsion polymeri- 
zation method. A 0.5 ml aqueous suspension 
containing a total of 190 mg dry material was 
made consisting of 66% human serum albumin, 
1 9% Fe 3 0 4 (particles 1 5—20 nm) and 1 6% 
SpA. To this, 60 ml of cottonseed oil was added 
and the emulsion was liomogenized by 
sonication for one minute. The homogenate was 
added dropwise to 200 ml of constantly stirred 
cottonseed oil at 120 to 125°Cfor 10 minutes. 
The suspension was washBd four times In 
diethyl ether by centrifugation for. 1 5 minutes at 
2000 xg and stored at 4°C until subsequent 
use. A sample of microspheres were coupled 
with FITC-conjugated rabbit IgG by incubation 
at 37°C for 20 minutes, and examined for 
surface fluorescence with a fluorescent micro- 
scope. The intensity and apparent uniform 
distribution of fluorescence indicated that SpA 
was oriented on the microsphere surface in a 
manner that allowed IgG molecules to interact 
with the Fc binding sites on the SpA: 

■ * 

Example II 

Microspheres prepared as described in 
Example I were used to separate CRBC from 
suspensions containing both CRBC and SRBC. 
Aliquots of CRBC and SRBC were labeled with 
51 Cr in order to assess extent of separation as 
well as cell integrity. Labeling of CRBC was 
accomplished by incubating 1x10 a CRBC 
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suspended in 0.2 ml Hanks balanced salt 
solution (HBSS) containing 2.5% heat inacti- 
vated fetai calf serum (FCS) with 100 /xC! 
Na 2 61 Cr0 4 (1 mCi/ml) for 90 minutes at 37 °C. 
SRBC were labeled by similar treatment with 5 
the exception of overnight incubation at 37 °C. 
Antibody was coupled to the microspheres by 
incubating 0.5 mg of the microspheres 
suspended in 0.2 ml of 0.9% NaCI solution con- 
taining 0.1% Tween 80 (saline-Tween 80) with w 
etiher 0.5 mg rabbit anti-chicken RBC (IgG 
fraction) or 0.5 mg normal rabbit IgG for 45 
minutes at 37°C. Unbound IgG was removed by 
centrifugation with excess saline-Tween 80 at 
1 500 xg for two minutes at 4°C. Microspheres 75 
were then resuspended in 0.2 ml saline-Tween 
80 by briefly sonicating in an ultrasonic water- 
bath. To this suspension, a mixture of 1x10° 
CRBC and 1 x 1 0 fl SRBC in 0.2 ml of HBSS was 
added. The cells were then incubated with the 20 
IgG-coated microspheres for 30 minutes at 
37°C with mild agitation. Cells bearing 
adherent magnetic microspheres were removed 
from suspension by applying a 4000 gauss 
(gradient — 1500 gauss/cm) bar magnet to the 25 
side of each test tube for one minute. Both 
supernatant and pellet fractions were counted 
in a Beckman Model 8000 gamma counter for 
51 Cr. Control labeled cells, incubated in saline- 
Tween 80, were counted for 51 Cr to assess 30 
spontaneous release. 

Based on B1 Cr counts, it was found that when 
1x10* 8, Cr CRBC in combination with 1x10 e 
SRBC were incubated with 0.5 mg micro- 
spheres bearing anti-CRBC antibodies, 97.8% of 35 
the labeled cells were magnetically removed 
from suspension. Hemocytometer counts of 
erythrocytes in the supernatant revealed only 
0.26% residual CRBC among the remaining 
SRBC. Using this method of cell separation, a 40 
population of SRBC which was 97 — 99% 
homogeneous was generated with 90.5% 
recovery of the starting SRBC mass. The non- 
specific adherence of 51 Cr CRBC was tested 
while using microspheres bearing antl-SRBC 45 
and normal rabbit IgG respectively, and found to 
be<10%. 

Example lit 

Microspheres prepared as described in 50 
Example I were used to fractionate Lewis rat 
splenocytes. Based on the presence or absence 
of surface immunoglobulins, it is possible to 
distinguish between thymus-derived T 
lyrhophocytes and bone-marrow derived B 55 
lymphocytes. Normal non-IgG bearing spleno- 
cytes, considered to be predominantly T 
lymphocytes, were purified by incubating 
splenocytes with microspheres containing 
rabbit anti-rat IgG. $o 

A cellular suspension of spleen cells was 



obtained by teasing rat spleen on a metal screen 
in HBSS with 10% heat inactivated FCS. The 
cells were washed three times and over-layered 
on Ficoll-Hypaque (specific gravity 1.072). The 
gradient was then centrifuged at 1 200 xg for 25 
minutes at 25°C, to eliminate dead cells and 
red blood cells. The resultant interface band was 
removed and assessed for viability by trypan 
blue dye exclusion. The number of IgG bearing 
cells was determined by Incubating the cells at 
37°C with FITC conjugated rabbit anti-rat IgG 
and counting the number of fluorescent labeled 
cells. Rabbit anti-rat IgG, normal rabbit IgG, and 
rabbit anti-chicken RBC were coupled to 0.5 mg 
the SpA microspheres (0.5 mg lgG/0.5 mg 
microspheres). Spenocytes (2x10 e ) suspended 
in HBSS with 2.5% heat inactivated FCS were 
added to the 0.5 mg microspheres. In order to 
minimize the capping phenomenon and 
maintain viability, reaction mixtures were 
incubated for 2.5 hours at 4°C. Cells with 
adherent microspheres were separated 
magnetically as described in Example II, and 
resultant supernatants were analyzed for total 
cell count, viability, and fluorescence. The 
results are summarized in Table A. 

Viability of unfractionated cells after centri- 
fugation in Ficoll-Hypaque was 96%. Super- 
natant cell viability after magnetic separation 
was 93%, demonstrating a minimal loss of 
viability. Between 47 to 51% of unfractionated 
splenocytes were IgG-bearing cells as 
determined by fluorescence microscopy. 
However, after magnetic separation of spleno- 
cytes in the experimental group, only 0.5% of 
the supernatant cells had detectable IgG on 
their surface, showing a highly enriched 
population of non-lgG-bearing lymphocytes. 

Antibody specificity was verified by demon- 
strating negligible depletion of IgG-bearing cells 
following incubation of splenocytes with micro- 
spheres containing either normal rabbit IgG or 
anti-CRBC. Rat thymocytes, normally con- 
taining 4 to 6% IgG bearing lymphocytes, were 
totally depleted of these cells after incubation 
with microspheres coupled with anti-rat IgG. 

The sensitivity of the system was tested by 
serial dilutions of microspheres bearing rabbit 
anti-chicken RBC with the addition of 1x10 8 
51 Cr CRBC at each dilution. Incubation of micro- 
spheres and ceils was carried out for 30 
minutes at 37 °C. Cells with adherent micro- 
spheres were magnetically removed and both 
pellet and supernatant fractions counted for 
51 Cr. Percent CRBC bound to the microspheres 
was linearly related to the amount of micro- 
spheres present until microsphere saturation 
occurred. No less than 99% binding of 1x10 8 
CRBC was observed when £104 /ig of micro- 
spheres were used. 
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TABLE A 

Separation of rat T and B lymphoid cells using antibodies coupled to 

SpA-bearing magnetic microspheres 
(Results represent two different experiments done in triplicate 

and expressed as mean ±S.D.) 



Antibody coupled 
to microspheres 


Type of cell 
suspension 11 * 


%of total 
cells bound to 
microspheres 


% of IgG bearing cells 
remaining In supernatant ■ 
after magnetic separation* 21 


Rabbit anti-rat IgG 
Rabbit anti-rat IgG 
Normal rabbit IgG 
Rabbit anti-CRBC 


Splenocytes 
Thymocytes 
Splenocytes 
Splenocytes 


50±0.5 
15±1 
10±0.3 
6.5±2 


0.5 
0 

47 .4+1. 2 131 
44+1.8 t31 



Footnotes to Table A 

t1 > 2x1 O fl cells/0.2 ml HBSS+2.5% FCS, incubated with 0.5 mg microspheres bearing antibody 
as indicated. The reaction mixture was incubated for 2.5 hours at 4°C. 

(2) The percent of IgG-bearing cells not removed by magnetic. microspheres was determined by 
incubating supernatant cells with 0.1 ml FITC conjugated rabbit anti-rat IgG for 20 minutes at 
37 °C. The amount of contaminant IgG-bearing cells was determined by fluorescence 
microscopy. In addition, 95.3% of the expected non-lgG-bearing splenocytes was found in the 
supernatant as determined by triplicate counts in a hemocytometer of non-fluorescent cells. 

,3J Between 44 to 51% starting splenocytes are IgG-bearing cells as determined by fluorescence 
microscopy, and 4 to 6% of rat thymocytes are IgG-bearing cells as determined by the same 
method. 



Example IV 

Magnetic albumin microspheres were 30 
prepared as described in Example I, except that 
Protein A was omitted. The amount of albumin 
was correspondingly increased so that the dry 
material used to form the microspheres was 
81% albumin and 1 9% Fe 3 0 4 . Protein A can be 35 
applied to the microspheres thus formed as 
described in Example V. 

Example V 

5 mg/ml Protein A in HBSS is prepared as a 40 
starting solution. For the one step aqueous 
carbodilmide coupling 10 mg of EDC is added to 
20 mg of either an acrylate polymer micro- 
sphere matrix prederivatized with £-amino- 
caproic acid, or 20 mg of albumin micro- 45 
spheres suspended in 10 mis of the starting 
Protein A solution and allowed to react for 4 hrs 
at 4°C with vigorous stirring. The coupling 
reaction is then terminated by addition of 0.4 ml 
of 0.2 M glycine solution pH 7.9. Unbound so 
Protein A and unreacted EDC is removed by 
washing 4x in HBSS. The Protein A coated 
microspheres are then coupled to appropriate 
antisera by incubation of 2 mg of microspheres 
with 1 ml of antiserum at 37°C for 10 mins 55 
with slight agitation. The alternative coupling 
agent is glutaraldehyde 1 .25% solution which is 
added to 10 mis of HBSS solution (pH 7.4) 
containing 50 mg Protein A and 20 mg of either 
albumin microspheres or 20 mg of diamino- so 
heptane derivatized acrylate microspheres, 
allowed to react for 2 hrs at 37°C with slight 
agitation. Unreacted Protein A and excess 
glutaraldehyde is removed by centrifugation 
washing 4x with HBSS. Antibody is attached to 65 



microspheres as described above in prior 
examples. 

* ■ 

Claims 

■ 

1. A method for the separation. of a select 
population of cells, bacteria, or viruses from a 
mixed population thereof, in which micro- 
spheres containing magnetic particles* are 
coated with a layer . of antibodies which 
selectively bind to the select population, the 
coated microspheres are contacted with said 
mixed population so that said microspheres are 
bound to the select population, and said bound 
select population is magnetically separated 
from the rest of said mixed population, charac- 
terised in that prior to coating said micro- 
spheres with antibodies, modifying the surfaces 
of said microspheres to provide staphylococcal 
Protein A distributed thereover in adherent 
relation to said microspheres, then contacting 
said microspheres with antibodies which bind to 
Protein A and which also bind selectively to said 

. select population, whereby said antibodies are 
arranged in oriented attachment on the surfaces 
said microspheres with their Fab arms 
extending outwardly. 

2. The method of claim 1 in which said 
microspheres are formed of a polymer matrix 
material in admixture with said magnetic 
particles and said Protein A. 

3. The method of claim 2 in which said 
matrix material is albumin and said micro- 
spheres contain from 2 to 40 parts by weight of 
Protein A per 100 parts of albumin. 

4. the method of claim 1 in which said 
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Protein A is chemically-bonded to the exterior 
surfaces of said microspheres. 

5. Microspheres for magnetically sorting of 
cells, bacteria, or viruses, comprising micro- 
spheres formed from an amino acid polymer 5 
matrix material in admixture with staphylo- 
coccal Protein A, and being of a size from 0.2 to 

100 jim diameter, said microspheres containing 
from 2 to 40 parts by weight of said Protein A 
per 100 parts of said amino acid polymer and 10 
said Protein A being present in the exterior 
surfaces of said microspheres for antibody 
binding, said microspheres also containing 
magnetic particles of a size from 1 0 to 2000 nm 
and in an amount sufficient to make said micro- 15 
spheres magnetically-responsive. 

6. The microspheres of claim 5 in which said 
amino acid polymer is albumin. 

7. The microspheres of claim 5 or claim 6 in 
which said Protein A is present in an amount of 2 o 
from 10 to 30 parts by weight per 100 parts of 

said amino acid polymer. 

8. Microspheres for magnetically sorting of 
cells, bacteria, or viruses, comprising micro- 
spheres formed from an aqueous mixture of 2 s 
albumin, staphylococcal Protein A, and 
magnetic particles, said microspheres having an 
average diameter of from 0.5 to 2.0 /um, and 
containing from 2 to 40 parts of said Protein A 

per 1 00 parts of said albumin and said Protein A 30 
being present in the exterior surfaces of said 
microspheres for antibody binding, said 
magnetic particles being of a size not over 30 
nm and being present in an amount sufficient to 
make said microspheres magnetically-respon- 3S 
sive. 

9. The microspheres of claim 8 in which said 
magnetic particles are Fe 3 0 4 and are present in 
an amount of from 1 0 to 1 50 parts by weight 

per 1 00 parts of said albumin. 40 

1 0. The microspheres of claim 8 or claim 9 in 
which said Protein A is present in an amount of 
from 1 0 to 35 parts by weight per 1 00 parts of 
said albumin. 

1 1. A method according to claim 1 in which 45 
microspheres as defined in any of claims 5 to 

10, are employed. 

Revendi cations 

50 

1. Un proc6d6 pour la separation d'une 
population choisie de cellules, bacteries ou virus 
d'une population m6!ang6e de tets corps suivant 
lequet des microspheres contenant des par- 
ticules magnetiques sont enrob6es d'une 55 
couche d'anticorps qui se lient sdlectivement d 
la population choisie, les microspheres 
enrobees sont mises en contact avec ladite 
population m6lang6e et ladite population 
choisie Ii6e est s6par6e magnetiquement du 60 
reste de ladite population, caract6ris6 en ce 
qu'avant de revfitir fesdites microspheres d'anti- 
corps, on modifie les surfaces desdites micro- 
spheres pour foumir de la Proteine A staphylo- 
coccique r6partie sur elles dans une relation ss 
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d'adh6rence auxdites microspheres puis on met 
en contact lesdites microspheres avec des anti- 
corps qui se lient a la Proteine A et qui se lient 
egalement s6lectivement d ladite population 
choisie, de telle sorte que lesdits anticorps sont 
disposes dans une fixation orient6e sur les 
surfaces desdites microspheres avec teurs bras 
Fab s'etendant vers I'ext6rieur. 

2. Procede de la revendication 1 dans lequel 
lesdites microspheres sont form6es en une 
matiere de matrice constitu6e par un polymere 
en melange avec lesdites particules mag- 
netiques et ladite Proteine A. 

3. Procede de la revendication 2 dans lequel 
ladite matiere de matrice est de I'albumine et 
lesdites microspheres contiennent de 2 d 40 
parties en poids de Proteine A pour 100 parties 
d'albumine. 

4. Procede de la revendication 1 dans lequel 
la Proteine A est chimiquement Ii6e aux 
surfaces exterieures desdites microspheres. 

5. Microspheres pour tirer magn6tiquement 
des cellules, bacteries et virus comprenant des 
microspheres form6es en une matiere de 
matrice qui est un polymere d'aminoacide en 
melange avec de la Proteine A staphylo- 
coccique et qui ont une taille comprise entre 0,2 
et 100 fim de diametre, lesdites microspheres 
contenant de 2 £ 40 parties en poids de ladite 
Proteine A pour 100 parties dudit polymere 
d'aminoacide et ladite proteine A etant presente 
dans les surfaces exterieures desdites micro- 
spheres pour la fixation d'anticorps, lesdites 
microspheres contenant egalement des 
particules magnetiques ayant une taille 
comprise entre 10 et 2000 nm et en quantlte 
suffisante pour rendre lesdites microspheres 
magnetiquement sensibles. 

6. Les microspheres de la revendication 5 
dans lesqueiles le polymere d'aminoacide est de 
I'albumine. 

7. Les microspheres de la revendication 5 ou 
de la revendication 6 dans lesqueiles ladite 
Proteine A est presente dans une proportion 
comprise entre 1 0 et 30 parties en poids pour 
1 00 parties dudit polymere d'aminoacide. 

8. Microspheres pour le triage magn6tique de 
cellules, bacteries ou virus comprenant des 
microspheres form6es d partir d'un melange 
aqueux d'albumine, de Proteine A staphylo- 
coccique et de particules magnetiques, lesdites 
microspheres ayant un diametre moyen compris 
entre 0,5 et 2,0 /um et contenant de 2 £ 40 
parties de ladite Proteine A pour 100 parties de 
ladite albumine et ladite Proteine A etant 
presente dans les surfaces exterieures desdites 
microspheres pour la fixation d'anticorps, 
lesdites particules magnetiques ayant une taille 
inferieure d 30 nm et 6tant pr6sentes en une 
quantite suffisante pour rendre lesdites micro- 
spheres magnetiquement sensibles. 

9. Les microspheres de la revendication 8 
dans lesqueiles lesdites particules magnetiques 
sont du Fe 3 0 4 et sont pr6sentes dans une 
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proportion comprise entre 1 0 d 1 50 parties en 
poids pour 100 parties de ladite albumine. 

10. Les microspheres de la revendication 8 
ou de la revendication 9 dans lesquelles ladite 
Proteine A est presente dans une proportion B 
comprise entre 10 et 35 parties en poids de 
ladite albumine. 

11. Proc6de selon la revendication 1 dans 
lequel des microspheres teiles que d§finies dans 
Tune quelconque des revendications 5 d 10 10 
sont utilisSes. 

Patentanspruche 

1. Methode zum Abtrennen einer ausge- J5 
wfihlten Population von Zellen, Bakterien Oder 
Viren aus einer gemischten Population davon, 
beider Mikrospharen, die magnetische Teilchen 
enthalten, mit einer Schicht von Antikorpern 
Qberzogen werden, die selektiv an die ausge- 2 o 
wahlte Population binden, wobei die uber- 
zogerien Mikrosphflren mit der gemischten 
Population in Kontakt gebracht werden, so daB 

die Mikrospharen an die ausgewahlte Population 
gebunden werden und die gebundene ausge- 2 6 
wahlte Population magnetisch von dem Rest 
der gemischten Population abgetrennt wird, da- 
durch gekennzeichnet, daB vor dem Oberziehen 
der Mikrospharen mit Antikorpern, die Ober- 
fiache der Mikrospharen modifiziert wird zur 30 
Bereitstellung eines von Staphylococcen stem- 
menden Protein A, das daruber verteilt 1st in 
haftender Beziehung an den Mikrospharen, 
worauf die Mikrospharen mit Antikdrpern in 
Kontakt gebracht werden, die an Protein A 3S 
binden und die auch selektiv an die gewShlte 
Population binden, wodurch die Antikorper in 
orientierter Befestigung and den Oberfiachen 
der, Mikrospharen angeordnet werden, wobei 
ihre Fab-Arme sich nach auswarts erstrecken. 40 

2. Methode nach Anspruch 1, bei der die 
Mikrospharen aus einem Polymermatrix- 
material im Gemisch mit den magnetischen 
Teilchen und dem Protein A gebildet werden. 

3. Methode nach Anspruch 2, in der das 4S 
Matrixmaterial Albumin 1st und die Mikro- 
spharen 2 bis 40 Gew.-Teile Protein A pro 1 00 
Telle Albumin enthalten. 

4. Methode nach Anspruch 1, in der das 
Protein A chemisch an die auBeren Ober- 50 



flachen der Mikrospharen gebunden ist. 

5. Mikrospharen zum magnetischen Sor- 
tieren von Zellen, Bakterien Oder Viren, ent- 
haltend Mikrospharen, gebildet aus elnem 
Aminosaurepolymermatrixmaterial, im Gemisch 
mit von Staphylococcen stammendem Protein 
A und mit einer GroBe von 0,2 bis 100 /im 
Durchmesser, wobei die Mikrospharen 2 bis 40 
Gew.-Teile des Protein A pro 100 Teile des 
Aminosaurepolymeren enthalten und das 
Protein A in den auBeren Oberfldchen der 
Mikrospharen zur Bindung von Antikdrpern vor- 
handen ist, wobei die Mikrospharen auch mag- 
netische Teilchen mit einer Gr6Be von 10 bis 
2000 nm und in ausreichender Menge ent- 
halten, urn die Mikrospharen magnetisch rea- 
gierend zu machen. 

6. Mikrospharen nach Anspruch 5, in denen 
das Aminosaurepolymere Albumin ist. 

7. Mikrospharen nach Anspruch 5 oder An- 
spruch 6, in denen das Protein A in einer Menge 
von 1 0 bis 30 Gew.-Teilen pro 1 00 Teile des 
Aminosaurepolymeren vorhanden ist. 

8. Mikrospharen zum magnetischen Sor- 
tieren von Zellen, Bakterien oder Viren, ent- 
haltend Mikrospharen, gebildet aus einem w3B- 
rigen Gemisch von Albumin, von Staphylo- 
coccen stammendem Protein A und mag- 
netischen Teilchen, wobei die Mikrospharen 
einen durchschnittlichen Durchmesser von 0,5 
bis 2,0 jim aufweisen und 2 bis 40 Teile des 
Protein A pro 1 00 Teile des Albumins enthalten 
und das Protein A in den auBeren Oberfiachen 
der Mikrospharen zur Antikdrperbindung vor- 
handen ist, wobei die magnetischen Teilchen 
eine GroBe von nlcht Qber 30 nm aufweisen und 
in ausreichender Menge vorhanden slnd, um die 
Mikrospharen magnetisch reagierend zu 
machen. 

9. Mikrospharen nach Anspruch 8, in denen 
die magnetischen Teilchen Fe 3 0 4 sind und in 
einer Menge von 10 bis 150 Gew.-Teilen pro 
1 00 Teile des Albumins vorhanden sind. 

10. Mikrospharen nach Anspruch 8 oder An- 
spruch 9, in denen das Protein A in einer Menge 
von 1 0 bis 35 Gew.-Teilen pro 1 00 Teile des Al- 
bumins vorhanden sind. 

1 1 . Methode nach Anspruch 1 , bei der die 
Mikrospharen, wie in einem der Anspruche 5 bis 
1 0 deflniert, verwendet werden. 
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Description 

This invention relates to the fractionation of heterogeneous populations of cells or the like to isolate a 
relatively homogeneous subpopulation of a specific cell type. More specifically the improvement of this 
5 invention relates to magnetic sorting of cells, bacetria, or viruses. 

A general procedure for magnetic sorting of cells, bacteria, and viruses is disclosed in US--A--3.970,518. In 
that procedure, uncoated particles of a magnetic material, such as iron oxide, are contacted with a high 
concentration liquid dispersion of the selective antibody, and after sufficient antibody has adhered to the 
magnetic particles the coated particles are contacted with the mixed population to be fractionated, the select 

10 cell or the like binding to the magnetic particles and the bound cells are then separated magnetically from the 
remainder of the population. As a further step the select cells may be separated from the magnetic material, by 
the use of a cleaving agent solution and magnetic removal of the magnetic particles 

While there are literature reports describing the use of magnetic microspheres in cell sorting, there is no 
literature verification that uncoated magnetic particles can be made to effectively bind with antibodies. In the 

15 published procedures the particles of magnetic material are contained in microspheres formed from polymers, 
which can be chemically coupled to antibodies. See, for example: Molday et al, Nature, 268, 437 (1977), Kronick 
et al, Science, 200, 1074 (1978), and Antoine et al. Immunochemistry, 15, 443 (1978). These references describe 
magnetically-responsive microspheres formed from acrylate polymers, such as hydroxyethyl methacrylate, or 
polyacrylamide-agarose microspheres. Such microspheres can be chemically coupled to antibodies with 

20 glutaraldehyde or other dialdehyde. As described by the cited Molday (1977) and Kornick references, one 
procedure involves the chemical attachment of diaminoheptane spacer groups to the microspheres, which are 
then chemically linked to the antibodies by glutaraldehyde reaction. Such a reaction is for exampe diclosed in 
reference DE-OS 26 54 723. Although effective bounding of the antibodies can be obtained, such procedures 
are difficult since aggregation of microspheres can readily occur and the preparative procedure is time 

25 consuming. For example, the reaction to attach spacer groups may require from five to twelve hours of 
chemical reaction time, and subsequent dialysis to remove the excess reagent. The coupling of the antibodies 
may then require another twelve to twenty-four hours followed by dialysis to remove excess coupling agent. 
Further, such antibody reagents may not be used efficiently since an excess of the antibodies will usually need 
to be present during the chemical coupling. 

30 Another disadvantage of magnetic particle or microsphere separation methods as described in the art is that 
the antibodies are attached to the microspheres in a random manner. Antigen-binding occurs through the Fab 
regions of the antibodies which are in the outer portions of the arms. With random attachment of the 
antibodies, one or both of the Fab arms may be unavailable for antigen-binding. Thus, an excess of antibody 
must be used to assure that the coated microspheres effectively bind to the antigens associated with the cells 

35 or other bodies being sorted. 

The present invention utilizes staphylococcal Protein A to overcome the limitations of prior art magnetic 
sorting procecdures, as described above. It is known that staphylococcal Protein A selectively binds to 
antibodies through the Fc region of the antibodies which is located in the tail portions of the antibodies remote 
from the Fab arms. See Forsgren et al, J. Immunol. 99, 19 (1967). Heretofore however, this property of Protein A 

40 has not been utilized to form magnetic microspheres. Protein A has been coupled to Sepharose beads (cross- 
linked agarose gels) to provide a column material with immunoglobulin-binding properties. The column may be 
used for affinity chromatography, for example, of the IgG fraction of serum. Such chromatographic column 
materials are commercially available. 
Protein A has also been used in procedures for cell separation by density gradient centrifugation. See for 

45 example, Ghetie et al, Scand J. Immunol, 4, 471 (1975). In a typical procedure, sheep erythrocytes are coated 
with Protein A by CrCI 3 coupling, and the coated erythrocytes are then contacted with mouse lymphocytes 
which have been previously reacted with antibodies to prepare the ceil surfaces for binding to Protein A, 
thereby resulting in rosetting of the lymphocytes around the erythrocytes. The resulting rosetted cells are 
recovered by density gradient centrifugation. 

50 Ghetie W. and Sjoquist J. disclosed in J. Immunol. 115(3) 659 (1975) a process whereby protein A adsorbed 
on the surface of a matrix (polystyrene) couples first with an antibody and then with a specific antigene. It is 
assumed that the protein A is attached to the antibody through the Fc arm whereby the antibody/ antigene 
couple with free Fc arms attaches itself to the protein A coated matrix. 
In accordance with the present invention, as distinguished from prior art procedures, magnetically- 

55 responsive microspheres are prepared having Protein A associated with the surfaces thereof, and the resulting 
microspheres are first reacted with the select antibodies before the microspheres are used for cell separation. 
With the microspheres used in the method of this invention the antibodies are thereby arranged in oriented 
attachment on their outer surfaces with the Fab arms of the antibodies extending outwardly. The effectiveness 
of the microspheres for antigen binding and use in magnetic sorting procedures is thereby maximized. This 

60 greatly increases the efficiency with which the select antibodies may be used. Further, it eliminates the need 
for chemical coupling of the antibodies. 

In a preferred embodiment, the microspheres are prepared by mixing Protein A with a polymer matrix 
material which does not mask the antibody-binding sites of the Protein A. The resulting microspheres having 
the Protein A in the outer surfaces thereof do not require chemical coupling of the Protein A to preformed 

65 microspheres. Albumin appears to be a particularly suitable matrix material for preparing such microspheres. 
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When the microspheres are formed from an aqueous admixture of albumin, Protein A, and magnetic particles, 
the Protein A is effectively available in the outer surfaces of the microspheres, in effect, forming surface layers 
on the microspheres with the Protein A in high concentration. The explanation for this result is not fully 
understood, but appears to relate to the wetting agent or surface tension properties of Protein A when 
5 dispersed in an aqueous solution in admixture with albumin. 

The microspheres of the present invention are to be used in a method for separation of a select population of 
cells, bacteria, or viruses from a mixed population thereof. The microspheres containing magnetic particles are 
coated with a layer of antibodies which selectively bind to the select population. The coated microspheres are 
contacted with the mixed population, and the bound select population is magnetically separated from the rest 

10 of the mixed population. The method for preparing the inventive microspheres is characterized by modifying 
the surfaces of the microspheres prior to coating them with antibodies to provide staphylococcal Protein A 
distributed thereover in adherent relation to the microspheres. The microspheres are then contacted with 
antibodies which bind the Protein A and which also bind selectively to the select population. By this means the 
antibodies are arranged in oriented attachment on the surfaces of the microspheres with their Fab arms 

15 extending outwardly. Thereafter, the rest of the steps of the magnetic separation are carried out, as is known 
in the art. Preferably, the microspheres are formed of a polymer matrix material in admixture with the magnetic 
particles and Protein A, such as an albumin matrix material in an amount of 100 parts per 5 to 40 parts of Protein 
A. Alternatively, however, the Protein A may be chemically-bonded to the exterior surfaces of the 
microspheres to provide a Protein A coating thereon. 

20 Where chemical coupling procedures are used, the microspheres may be formed from any matrix material 
which can be chemically coupled to Protein A, including albumin or other amino acid polymer, and synthetic 
polymers, such as acrylate polymers. For example, the microspheres may be formed from methyl 
methacrylate, hydroxyethyl methacrylate, methacrylic acid, ethylene glycol dtmethacrylate, agarose polymers, 
polyacrylamide polymers, or mixtures of such polymers. Protein A may be directly coupled to solid support 

25 surfaces containing magnetically responsive materials by several procedures. See, for example, Moiday et al, 
J, Cell Biology, 64, 75 (1975) Microspheres can be derivatized with either aminocaproic acid or diaminoheptane 
which provide extend functional groups for coupling proteins to insolubilized matrixes. Alternatively, with solid 
surfaces already containing functionally available groups (i.e. amino groups on albumin microspheres) a direct 
glutaraldehyde coupling of Protein A may be accomplished. 

30 An alternate preferred procedure is to incorporate the Protein A in the microspheres by admixing it with the 
matrix material prior to the formation of the microspheres, and carrying out the preparation so that the Protein 
A is available in the outer surfaces of the microspheres. Suitable procedures for preparing such microspheres 
will therefore be described, but it should be understood that the present invention in its broad method aspect 
is not limited to the use of such preferred microspheres. 

35 For use in the present invention, the Protein A cen be prepared from Stephyloccus aureus by procedures 
described in the literature. See, for example, Forsgren et al, J. Immun., 97, 822 (1966); and Konvall et al, 
Immunochemistry, 7, 124 (1970). Staphylococcal Protein A is also available from commercial sources, such as 
Pharmacia Fine Chemicals, Piscataway, New Jersey. 
The preferred matrix material for forming the microspheres by admixture with Protein A is an amino acid 

40 polymer, such as albumin. Animal or human albumin may be used, for example, human serum albumin. Other 
water-soluble proteins can be used such as hemoglobin, or synthetic amino acid polymers including poly-L- 
lysine and poly-L-glutamic acid. 

When the Protein A is premixed with the matrix polymer and the microspheres formed therefrom, suffcient 
Protein A should be included so that the outer surfaces of the microspheres will bind antibodies through the 

45 selective action of the Protein A. In general, the microspheres may contain from 2 to 40 parts by weight of 
Protein A per 100 parts of the matrix polymer such as albumin. Preferred proportions are from about 10 to 35 
parts of the Protein A per 100 parts of the matrix polymer. 

A sufficient amount of finely-divided particles of a magnetic material should also be included so that the 
microspheres are magnetically responsive. For example, the magnetic particles may be ferri- or ferro-magnetic 

50 compounds, such as magnetic iron oxides. Other useable magnetic materials in particulate form are disclosed 
in U.S.-A-3.970.518. A preferred magnetic material is magnetite (Fe30 4 ). Depending on the size of the 
microspheres, the magnetic particles may range in size from 10 to 2000 nm. The microspheres may contain 
from 10 to 150 parts by weight of the magnetic material per 100 parts of the matrix polymer. 
The microspheres may range in size from 0.2 to 100 jim in diameter. Preferably however, the microspheres 

55 have an average size in the range from about 0.5 to 2.0 nm. With microspheres in this size range, it is preferred 
that the magnetic particles have diameters of not over 30 nm, such as an average size of about 10 nm. 

The procedure previously published for preparing albumin microspheres can be used. Widder et al. J. 
Pharm. Set'., 58, 79 (1979). The preferred procedure is the one described for the heat-stabilized microspheres. In 
general, an aqueous mixture is prepared for use in forming the microcapsules, the mixture containing the 

60 albumin or other hydrocolloid matrix polymer, Protein A, and the magnetic particles. The solid materials are 
dispersed in water and thoroughly mixed therewith, for example, using 20 to 40 parts of total solids per 100 
parts of water. Sufficient water should be present to form an aqueous gel with the matrix hydrocolloid. In 
general the amount of water may range from 10 to 60 parts per 100 parts of total solids. The aqueous mix is 
then emulsified with an oil, such as a vegetable oil, the emulsification being carried out with vigorous agitation, 

65 for example, using sonication, to obtain a droplet dispersion of the aqueous mix in the vegetable oil having the 
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requisite droplet size to form the microspheres. Preferably, the emulsification is carried out at low 
temperatures such as temperatures in the range of 20 to 30° C. After the emulsion has been formed, the 
emulsion is added to a larger body of oil, which is preferably the same oil used to form the emulsion. In 
practice, cottonseed oil gives good results. To promote the separation of the water droplets, the emulsion can 
5 be added in small increments to the oil bath, such as by dropwise addition. Preferably, also, the addition is 
accompanied by rapid stirring of the oil into which the emulsion is being introduced. 

For purpose of the present invention, the droplets may be heat-hardened to stabilize them and thereby 
provide the microspheres. This can be conveniently accomplished by using a heated oil bath, that is, by 
dispersing the emulsion into hot oil, such as oil at a temperature in the range of 70 to 160°C. The effect of heat 

10 stabilization on albumin microspheres is described in US-A-3,937,668. 

After the heat-hardening, the prepared microspheres are separated from the oil. This may be accomplished 
by centrifugation or filtration, and the microspheres washed with a suitable organic solvent, such as diethyl 
ether, to remove the oil from the exterior surfaces of the microspheres. The microspheres are then ready for 
reaction with a specific antibody, such as an antibody prepared in rabbits. Such rabbit immunoglobulins which 

15 bind to Protein A include all subclasses of IgG. However, antibodies prepared from other sources can be used 
providing they also bind to Protein A. Usually, the antibodies will be applied to the microspheres in aqueous 
suspension. The concentration of the antibodies may be low, since the Protein A will remove the antibodies 
from the treating solution even at low concentrations. As previously described, the binding is through the Fc 
region of the antibodies, thereby providing for an oriented attachment of the antibodies with the antigen- 

20 binding Fab arms extending outwardly from the outer surfaces of the microspheres. The microspheres are then 
ready for use in magnetic cell separation, as previously described in the literature. 

The prepared microspheres of this invention for the use in the magnetic sorting method are further 
described and illustrated in the following specific examples. For conciseness of description, the examples use 
certain abbreviations, which have the following meanings: 

25 SpA: Staphylococcal Protein A 
FITC: flurocein isothiocyanate 
CRBCxhicken red blood cell 
SRBC: sheep red blood cell 
RBC: red blood cell 

30 FCS: fetal calf serum 

HBSS: Hank's balanced saline solution 

EDC: carbodiimide: 1-cyclohexyl-3-(2-morpholinyl-(4)-ethyl-carbodiimide methotoluene sulphonate) 

35 

Example I 

Magnetic albumin microspheres, containing staphylococcal protein A (SpA) as part of the matrix were 
prepared by an emulsion polymerization method. A 0.5 ml aqueous suspension containing a total of 190 mg dry 

40 material was made consisting of 66 % human serum albumin, 19 <Vb Fe 3 0 4 (particles 15-20 nm) and 15 % SpA. 
To this, 60 ml of cottonseed oil was added and the emulsion was homogenized by sonication for one minute. 
The homogenate was added dropwise to 200 ml of constantly stirred cottonseed oil at 120 to 125°C for 10 
minutes. The suspension was washed four times in diethyl ether by centrifugation for 15 minutes at 2000 xg and 
stored at 4°C until subsequent use. A sample of microspheres were coupled with FITC-conjugated rabbit IgG 

45 by incubation at 37° C for 20 minutes, and examined for surface flourescence with a flourescent microscope. 
The intensity and apparent uniform distributon of fluorescence indicated that SpA was oriented on the 
microsphere surface in a manner that allowed IgG molecules to interact with the Fc binding sites on the SpA. 



50 

Example li 

Microspheres prepared as described in Example I were used to separate CRBC from suspensions containing 
both CRBC and SRBC. Aliquots of CRBC and SRBC were labeled with BiCr in order to assess extent of 

55 separation as well as cell integrity. Labeling of CRBC was accomplished by incubating 1x108 CRBC suspended 
in 0.2 ml Hanks balanced salt solution (HBSS) containing 2.5 % heat inactivated fetal calf serum (FCS) with 100 
liCi Na 2 51 Cr0 4 (1 mCi/ml) for 90 minutes at 37° C. SRBC were labeled by similar treatment with the exception of 
overnight incubation at 37° C. Antibody was coupled to the microspheres by incubating 0.5 mg of the 
microspheres suspended in 0.2 ml of 0.9 <W> NaCI solution containing 0.1 % Tween 80 (saline-Tween 80) with 

60 etiher 0.5 mg rabbit anti-chicken RBC (IgG) fraction) or 0.5 mg normal rabbit IgG for 45 minutes at 37° C. 
Unbound IgG was removed by centrifugation with excess saline-Tween 80 at 1500 xg for two minutes at 4°C. 
Microspheres were then resuspended in 0.2 ml saline-Tween 80 by briefly sonicating in an ultrasonic 
waterbath. To this suspension, a mixture of 1x106 CRBC and 1x106 SRBC in 0.2 ml of HBSS was added. The cells 
were then incubated with the IgG-coated microspheres for 30 minutes at 37° C with mild agitation. Cells 

65 bearing adherent magnetic microspheres were removed from suspension by applying a 4000 gauss (gradient- 
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1500 gauss/cm) bar magnet to the side of each test tube for one minute. Both supernatant and pellet fractions 
were counted in a Beckman Model 8000 gamma counter for 51 Cr. Control labeled cells, incubated in saline- 
Tween 80, were counted for 51 Cr to assess spontaneous release. 
Based on 51 Cr counts, it was found that when 1x10 s 51 Cr CRBC in combination with 1x10* SRBC were 

5 incubated with 0.5 mg microspheres bearing anti-CRBC antibodies, 97.8 4b of the labeled cells were 
magnetically removed from suspension. Hemocytometer counts of erythrocytes in the supernatant revealed 
only 0.26 4b residual CRBC among the remaining SRBC. Using this method of cell separation, a population of 
SRBC which was 97-99 4b homogeneous was generated with 90.5 4b recovery of the starting SRBC mass. The 
nonspecifc adherence of 51 Cr CRBC was tested while using microspheres bearing anti-SRBC and normal rabbit 

W IgG respectively and found to be < 10 4b 



Example III 

15 

Microspheres prepared as described in Example I were used to fractionate Lewis rat splenocytes. Based on 
the presence or absence of surface immunoglobulins, it is possible to distinguish between thymus-derlved T 
lymophocytes and bone-marrow derived B lymphocytes. Normal non-IgG bearing splenocytes, considered to 
be predominantly T lymphocytes, were purified by incubating splenocytes with microspheres containing rabbit 
20 anti-rat IgG. 

A cellular suspension of spleen cells was obtained by teasing rat spleen on a metal screen in HBSS with 10 
4b heat inactivated FCS. The cells were washed three times and over-layered on Ficoll-Hypaque (specific 
gravity 1.072). The gradient was then centrifuged at 1200 xg for 25 minutes at 25° C, to eliminate dead cells and 
red blood cells. The resultant interface band was removed and assessed for viability by trypan blue dye 

25 exclusion. The number of IgG bearing cells was determined by incubating the cells at 37° C with FITC 
conjugated rabbit anti-rat IgG and counting the number of fluorescent labeled cells. Rabbit anti-rat IgG, normal 
rabbit IgG and rabbit anti-chicken RBC were coupled to 0.5 mg the SpA microspheres (0.5 mg lgG/0.5 mg 
microspheres). Spenocytes (2x1 0 6 ) suspended in HBSS with 2.5 4b heat inactivated FCS were added to the 0.5 
mg microspheres. In order to minimize the capping phenomenon and maintain viability, reaction mixtures were 

30 incubated for 2.5 hours at 4°C. Cells with adherent microspheres were separated magnetically as described in 
Example II, and resultant supernatants were analyzed for total cell count, viability, and fluorescence. The 
results ere summarized in Table A. 

Viability of unfractionated cells after cecntrifugation in Ficoll-Hypaque was 96 4b Supernatant cell viability 
after magnetic separation was 93 4b, demonstrating a mimimal loss of viability. Between 47 to 51 4b of 

35 unfractionated splenocytes were IgG-bearing cells as determined by fluorescence microscopy. However, after 
magnetic separation of splenocytes in the experimental group, only 0.5 4b of the supernatant cells had 
detectable IgG on their surface, showing a highly enriched population of non-lgG-bearing lymphocytes. 

Antibody specificity was verified by demonstrating negligible depletion of IgG-bearing cells following 
incubation of splenocytes with microspheres containing either normal rabbit IgG or anti-CRBC. Rat 

40 thymocytes, normally containing 4 to 6 4b IgG bearing lymphocytes, were totally depleted of these calls after 
incubation with microspheres coupled with anti-rat IgG. 

The sensitivity of the system was tested by serial dilutions of microspheres bearing rabbit anti-chicken RBC 
with the addition of IxlO 6 51 Cr CRBC at each dilution. Incubation of microspheres and cells was carried out for 
30 minutes at 37° C. Cells with adherent microspheres were magnetically removed and both pellet and 

45 supernatant fractions counted for 51 Cr. Percent CRBC bound to the microspheres was linearly related to the 
amount of microspheres present until microsphere saturation occurred. No less than 99 4b binding of 1x10 s 
CRBC was observed when >104 ug of microspheres were used. 
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TABLE A 

Separation of rat T and B lymphoid cells using antibodies coupled to SpA-bearing magnetic microspheres 
(Result represent two different experiments done in triplicate and expressed as mean ± S.D) 

55 
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Antibody coupled 
to microspheres 
Rabbit anti-rat IgG 
Rabbit anti-rat IgG 
Normal rabbit IgG 
Rabbit anti-CRBC 



Type of cell 
suspension 0) 
Splenocytes 
Thymocytes 
Splenocytes 
Splenocytes 



% of total 
cells bound to 
microspheres 
50 ± 0.5 
15+1 
10±0.3 
6.5 + 2 



% of IgG bearing cells 
remaining in supernatant 
after magnetic separation^) 
0.5 
0 

47.4+1.2(3) 
44+1.8(3) 



Footnotes to Table A 

10 0) 2x10* cells/0.2 ml HBSS +2.5 % FCS, incubated with 0.5 mg microspheres bearing antibody as indicated. 
The reaction mixture was incubated for 2.5 hours at 4° C. 

( 2 ) The percent of IgG-bearing cells not removed by magnetic microspheres was determined by incubating 
supernatant cells with 0.1 ml FITC conjugated rabbit anti-rat IgG for 20 minutes at 37° C. The amount of 
contaminant IgG-bearing cells was determined by fluorescence microscopy. In addition, 95.3 % of the 

15 expected non-lgG-bearing splenocytes was found in the supernatant as determined by triplicate counts in a 
hemocytometer of non -fluorescent cells 

(3) Between 44 to 51 % starting splenocytes are IgG-bearing cells as determined by fluorescence microscopy, 
and 4 to 6 % of rat thymocytes are IgG-bearing cells as determined by the same method. 



20 



Example IV 

Magnetic albumin microspheres were prepared as described in Example I, except that Protein A was 
25 omitted. The amount of albumin was correspondingly increased so that the dry material used to form the 
microspheres was 81 <Vb albumin and 19 °/o Fe 3 0 4 . Protain A can be applied to the microspheres thus formed as 
described in Example V. 



SO 

Example V 

5 mg/ml Protein A in HBSS is prepared as a starting solution For the one step aqueous carbodiimide 
coupling 10 mg of EDC is added to 20 mg of either an acrylate polymer microsphere matrix prederivatized with 

35 e-aminocaproic acid, or 20 mg of albumin microspheres suspended in 10 mis of the starting Protein A solution 
and allowed to react for 4 hrs at 4°C with vigorous stirring. The coupling reaction is then terminated by addition 
of 0.4 ml of 0.2 M glycine solution pH 7.9. Unbound Protein A and unreacted EDC is removed by washing 4x in 
HBSS. The Protein A coated microspheres are then coupled to appropriate antisera by incubation of 2 mg of 
microspheres with 1 ml of antiserum at 37° C for 10 mins with slight agitation The alternative coupling agent is 

40 glutaraldehyde 1.25 <to solution which is added to 10 mis of HBSS solution (pH 7.4) containing 50 mg Protein A 
and 20 mg of either albumin microspheres or 20 mg of diaminoheptane derivatized acrylate microspheres, 
allowed to react for 2 hrs at 37°C with slight agitation. Unreacted Protein A and excess glutaraldehyde is 
removed by centrifugation washing 4x with HBSS. Antibody is attached to microspheres as described above in 
prior examples. 

45 



Claims 

50 1. Microspheres for magnetically sorting of cells, bacteria, or viruses, comprising microspheres formed from 
an amino acid polymer matrix material in admixture with staphylococcal Protein A, and being of a size from 0.2 
to 100 jim diameter, said microspheres containing from 2 to 40 parts by weight of said Protein A per 100 parts 
of said amino acid polymer and said Protein A being present in the exterior surfaces of said microspheres for 
antibody binding, said microspheres also containing magnetic particles of a size from 10 to 2000 nm and in an 

55 amount sufficient to make said microspheres magnetically-responsive. 

2. The microspheres of claim 1 in which said amino acid polymer is albumin. 

3. The microspheres of claim 1 or claim 2 in which said Protein A is present in an amount of from 10 to 30 
parts by weight per 100 parts of said amino acid polymer. 

4. Microspheres for magnetically sorting of cells, bacteria, or viruses, comprising microspheres formed from 
60 an aqueous mixture of albumin, staphylococcal Protein A, and magnetic particle's, said microspheres having an 

average diameter of from 0.5 to 2.0 \xm, and containing from 2 to 40 parts of said Protein A per 100 parts of said 
albumin and said Protein A being present in the exterior surfaces of said microspheres for antibody binding, 
said magnetic particles being of a size not over 30 nm and being present in an amount sufficient to make said 
microspheres magnetically-responsive. 
65 5. The microspheres of claim 4 in which said magnetic particles are Fe 3 0 4 and are present in an amount of 
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from 10 to 150 parts by weight per 100 parts of said albumin. 

6. The microspheres of claim 4 or claim 5 in which said Protein A is present in an amount of from 10 to 35 
parts by weight per 100 parts of said albumin. 

7. A method for the separation of a select population of cells, bacteria or viruses from a mixed population 
5 thereof, in which microspheres defined in any of claims 1 to 6 are employed, using an antibody bound to the 

microspheres as a means for sorting the cells, bacteria or viruses from the mixed population thereof. 



10 Revendicatlons 

1. Microspheres pour le triage magnetique des cellules, bacteries et virus comprenant des microspheres 
formdes en une mati&re de matrice qui est polymdre d'aminoacide en melange avec de la Proline A 
staphylococcique et qui ont une taille comprise entre 0,2 et 100 u.m de diametre, lesdites microspheres 

15 contenant de 2 a 40 parties en poids de ladite Proline A pour 100 parties dudit po1ym6re d'aminoacide et 
ladite proteine A etant pr6sente dans les surfaces exterieures desdites microspheres pour la fixation 
d'anticorps, lesdites microspheres contenant 6galement des particules magnetiques ayant une taille comprise 
entre 10 et 2000 nm et en quantite suffisante pour rendre lesdites microspheres magn6tiquement sensibles. 

2. Les microspheres de la revendication 1, dans lesquelles le polymdre d'aminoacide est de I'albumine. 

20 3. Les microspheres de la revendication 1 ou de la revendication 2 dans lesquelles ladite Proteine A est 
presente dans une proportion comprise entre 10 et 30 parties en poids pour 100 parties dudit polymere 
d'aminoacide. 

4. Microspheres pour le triage magn6tique de cellules, bacteries ou virus comprenant des microspheres 
formees e partir d'un melange aqueux d'albumine, de Proteine A staphylococcique et de particules 
25 magnetiques, lesdites microspheres ayant un diametre moyen compris entre 0,5 et 2,0 um et contenant de 2 £ 
40 parties de ladite Proteine A pour 100 parties de ladite albumine et ladite Proteine A 6tant presente dans les 
surfaces exterieures desdites microspheres pour la fixation d'anticorps, lesdites particules magnetiques ayant 
une taille inferieure a 30 nm et etant presentes en une quantite suffisante pour rendre lesdites microspheres 
magnetiquement sensibles. 

30 5. Les microspheres de la revendication 4 dans lesquelles lesdites particules magnetiques sont du Fe 3 0 4 et 
sont presentes dans une proportion comprise entre 10 a 150 parties en poids pour 100 parties de ladite 
albumine. 

6. Les microspheres de la revendication 4 ou de la revendication 5 dans lesquelles ladite Proteine A est 
presente dans une proportion comprise entre 10 et 35 parties en poids, pour 100 parties de ladite albumine. 
35 7. Procede pour la separation d'une population choisie de cellules bacteries ou virus d'une population 
m6langee de tels corps, suivant lequel des microspheres telles que definies dans Tune des revendicatlons 1 e 6 
. sont employees, en utilisant un anticorps lie aux microspheres comme moyen de triage des cellules, des 
bacteries ou des virus de la population melang6e. 

40 

Patentansprtiche 

1. Mikrospharen zum magnetischen Sortieren von Zellen, Bakterien oder Viren, enthaltend Mikrospharen, 
45 gebildet aus einem AminosSurepolymermatrixmaterial, im Gemisch mit von Staphylococcen stammendem 

Protein A und mtt einer GrdSe von 0,2 bis 100 um Durchmesser, wobei die Mikrospharen 2 bis 40 Gew.-Teile des 
Proteins A pro 100 Teile des Aminos§urepolymeren enthaften und das Protein A in den SuBeren OberflSchen 
der Mikrospharen zur Bindung von Antikorpern vorhanden ist, wobei die Mikrospharen auch magnetische 
Teilchen mit einer Grd&e von 10 bis 2000 nm und In ausreichender Menge enthalten, um die Mikrospharen 
50 magnetisch reagierend zu machen. 

2. Mikrospharen nach Anspruch 1, in denen das AminosSurepolymere Albumin ist. 

3. Mikrospharen nach Anspruch 1 oder 2, in denen das Protein A in einer Menge von 10 bis 30 Gew.-Teilen 
pro 100 Teile des Aminosaurepolymeren vorhanden ist. 

4. Mikrospharen zum magnetischen Sortieren von Zellen, Bakterien oder Viren, enthaltend Mikrospharen, 
55 gebildet aus einem we&rigen Gemisch von Albumin, von Staphylococcen stammendem Protein A und 

magnetischen Teilchen, wobei die Mikrospharen einen durchschnittlichen Durchmesser von 0,5 bis 2,0 um 
aufweisen und 2 bis 40 Teile des Proteins A pro 100 Teile des Albumins enthalten und das Protein A in den 
Su&eren OberflSchen der Mikrosphdren zur Antikdrperbindung vorhanden ist, wobei die magnetischen 
Teilchen eine GrdSe von nicht uber 30 nm aufweisen und in ausreichender Menge vorhanden sind, um die 

60 Mikrospharen magnetisch reagierend zu machen. 

6. Mikrosphdren nach Anspruch 4, in denen die magnetischen Teilchen Fe 3 0 4 sind und in einer Menge von 10 
bis 150 Gew.-Teilen pro 100 Teile des genannten Albumins vorhanden sind. 

6. Mikrosphdren nach Anspruch 4 oder 5, in denen das Protein A in einer Menge von 10 bis 35 Gew.-Teilen 
pro 100 Teile des genannten Albumins vorhanden sind. 

65 7. Ein Verfahren zum Abtrennen einer ausgewihlten Population von Zellen, Bakterien oder Viren aus einer 



7 



0016552 

: gemischten Population aus diesen, bei der die MikrosphSren, wie in einem der Anspruche 1 bis 6 definiert, 
angewendet werden, unter Verwendung eines an die Mikrospharen gebundenen Antikorpers als Mittel zum 
Sortieren der Zelien, Bakterien oder Viren aus einer gemischten Population aus diesen. 
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